In systemic sclerosis (SSc), the development of fibrosis seems to be a consequence of the initial ischemic process related to an endothelial injury. The initial trigger event in SSc is still unknown, but circulating progenitor cells (CPCs) might play a key role. Such cells have the ability to traffic into injury sites, exhibiting inflammatory features of macrophages, tissue remodeling properties of fibroblasts, and vasculogenesis functions of endothelial cells. The different subsets of CPCs described thus far in SSc arise from a pool of circulating monocyte precursors (CD14 cells) and probably correspond to a different degree of differentiation of a single cell of origin. Several subsets of CPCs have been described in patients with SSc, all have a monocytic origin but may or may not express CD14, and all of these cells have the ability to give origin to endothelial cells, or collagen (Col)-producing cells, or both. We were able to identify six subsets of CPCs: pluripotent stem cells (CD14 , CD45 , and CD34 ), monocyte-derived multipotential cells (MOMCs) or monocyte-derived mesenchymal progenitors (CD14 , CD45 , CD34 , Col I , CD11b , CD68 , CD105 , and VEGFR1 ), early endothelial progenitor cells (EPCs) or monocytic pro-angiogenic hematopoietic cells or circulating hematopoietic cells (CD14 , CD45 , CD34 , VEGFR2 , CXCR4 , c-kit , and DC117 ), late EPCs (CD14 , CD133 , VEGFR2 , CD144 [VE-cadherin ], and CD146 ), fibroblast-like cells (FLCs)/circulating Col-producing monocytes (CD14 , CD45
. The development of fibrosis seems to be a consequence of the initial ischemic process related to an endothelial injury 2 . In the early disease phase (first year from diagnosis), there is an increase of pro-angiogenic factors-vascular endothelial growth factor (VEGF), platelet-derived growth factor, and stromal-derived growth factor-1-in response to the vascular damage that correlates to the nailfold capillaroscopy changes observed by clinicians (giant capillaries and new vessel formation) 3 . But in the late phase of SSc, the anti-angiogenic response and the fibrosis seem to dominate over the initial pro-angiogenic phase 4 . The initial trigger event in SSc is still unknown, but circulating progenitor cells (CPCs) might play a key role 4 .
Since 1994, when Bucala et al. first described these fibrocytes as circulating leukocytes able to produce collagen (Col), different types of progenitor cells have been described as key players in different entities, such as pulmonary artery hypertension (PAH), asthma, interstitial lung disease (ILD), idiopathic pulmonary fibrosis, and sclerosing diseases (cirrhosis, atherosclerosis, SSc, chronic kidney disease, and so on), and as initially described in wound healing. Such cells have the ability to traffic into injury sites, exhibiting both inflammatory features of macrophages and tissue remodeling properties of fibroblasts 5 . Interestingly, some of the CPCs are also able to differentiate into endothelial cells playing a role in the vasculogenesis process 5 . In this review, we will summarize the existing evidence regarding the role of CPCs in SSc.
Analysis of the recent literature Progenitor cells in systemic sclerosis
Since 1994, different subtypes of CPCs have been described as quantitatively or functionally altered in patients with SSc (Table 1 ) [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . The different subtypes of CPCs described thus far in SSc arise from a pool of circulating monocyte precursors (CD14 + cells) and probably correspond to a different degree of differentiation from a single cell of origin. The pluripotent stem cells (PSCs) seem to correspond to a very early degree of differentiation. The monocyte-derived mesenchymal progenitors (MOMCs), also known as monocyte-derived mesenchymal progenitors, are . Elevated blood levels of early EPCs have been found in patients with SSc by different groups of researchers and such levels correlate directly with interstitial lung involvement 2,9 . In a pro-fibrotic environment-elevated levels of both endothelin-1 (ET-1) and transforming growth factor-beta (TGF-β)-early EPCs differentiate mainly into fibroblasts and promote fibrosis 2 . 
Late EPCs

The role of circulating progenitor cells in systemic sclerosis
The importance of CPCs relies on the capacity of such cells to migrate into SSc injury tissues (mediated by CXCR4 /CXCL12 interaction), to differentiate into both endothelial cells and fibroblasts, to cause defective vasculogenesis or fibrosis (or both), and to have immunomodulatory effects 19 . The prevalence of hematopoietic markers expressed by CPCs that migrate from blood into injury sites in SSc differs and changes according to the degree of differentiation. CXCR4 is the most commonly expressed marker, followed by CD34 and CD45 at the end stage of differentiation 15 . Such difference also indicates a continuous process of cell differentiation that might relate to the SSc clinical phenotype (degree of fibrosis and vascular involvement).
Circulating progenitor cells and fibrosis
In patients with SSc, the fraction of CD14 + monocytes in circulation is higher than the CD14 − monocytes and a greater portion of circulating monocytes express Col I, suggesting that SSc monocyte preparations may contain a significant number of Col-producing cells that are partially differentiated into different subtypes of CPCs (MOMCs, FLCs, EPCs, and fibrocytes) 14 . Such circulating Colproducing cells have an increased migration capacity into injury sites because of the overexpression of CXCR4 and the deficiency in caveolin-1. CPCs that have finished their differentiation process generate fibrocytes that produce Col, extracellular matrix and cause fibrosis at injury sites (skin, lung, kidneys, and so on) 15 . Interestingly, it has been described that African-Americans may be predisposed to lung fibrosis and SSc because of low baseline caveolin-1 levels in their monocytes, potentially affecting signaling, migration, and fibrocyte differentiation 21 . The finding that CD14 + /Col I + monocytes are present in the lung tissue of patients with SSc-ILD and not in healthy donors supports this hypothesis 15 . It is interesting that, in a pro-fibrotic environment (elevated levels of ET-1 and TGF-β), early EPCs that normally give rise to endothelial cells can also differentiate into FLCs and promote fibrosis 2 . Fibrosis occurs after the activation of tissue-resident fibroblasts and their transdifferentiation into myofibroblasts, but is also due to differentiation of bone marrow-derived CPCs and transition of endothelial epithelial cells, pericytes, and adipocytes into activated mesenchymal cells 
Conclusions and future perspective of circulating progenitor cells in systemic sclerosis
In the past 15 years, a pool of circulating monocyte precursors has been found to be altered both quantitatively and qualitatively in different sclerosing conditions, including SSc. Such alterations have been partially related to the subtype of SSc (diffuse versus limited forms), the duration of the SSc, and the prominent clinical manifestations (vascular involvement versus fibrosis). The exact role of each subtype of CPCs needs to be further defined. A deeper understanding of the role of each subtype of CPCs in the development of the disease will help us to better classify patients in order to offer them personalized therapeutic approaches in the future [25] [26] [27] [28] .
It might also open a door regarding the modulation/regulation of the differentiation of CPCs in order to avoid a pro-fibrotic phenotype and to reverse the altered vascular phenotype of such cells. Autologous hematopoietic stem cell transplantation (HSTC) seems to reintroduce immunological tolerance in patients with SSc, and we hypothesize that such tolerance might be due to the regulation of CPC differentiation. It has been demonstrated that after HSTC there is an improvement of vasculopathy, modified Rodnan skin score, and lung function in patients with SSc 26 .
This review had the intention to summarize the available data regarding CPCs in SSc; considering the fact that several studies have been conducted with single CPC subsets, we herein intended to describe the whole spectrum of CPCs in SSc described thus far and their roles in the pathogenesis of SSc. During this review process, we faced several difficulties: the same cell has been studied by different research groups and named differently, several subsets of CPCs that might correspond to the same cell have been described, there are no studies available that compare different subsets of CPCs in the same patients, and there is no direct correlation in the literature between different CPC subsets and clinical manifestations of SSc.
